The focus of the research is mega-block in New Belgrade built in 1960`s, before and after transformation. The aim of research was to compare the parameters of bioclimatic urban design before and after the intervention. The results show decrease due to shading and evapotranspiration of 1°C to 2°C, in the central part of communal open space and increase of temperature along the edges of the blocks, where new buildings were built, as well as the incasement of vaporization. Analyze of two options of urban design (before and after intervention) done with ENVI-met virtual simulation shows that the outdoor comfort of transformed communal open space deteriorated.
Introduction comfort of open public spaces depends on urban design and its morphological characteristics. The outdoor thermal environment is impacted by the surrounding surfaces and objects (Ichinose et al. 1999) , materialization of ground surface (Lin et al. 2010) , evaporation and evapotranspiration of plants (Robitu et al. 2006 ), shading by trees or constructed objects (Lin et al. 2010) . Furthermore, contemporary approach to urban design includes another aspects of urban design quality such as: attractiveness, livability, legibility, robustness, readability, permeability and security. Although, urban design should satisfied all of this criteria, in this paper the focus was on comfort.
The focus of the research is mega-block in New Belgrade built in 1960`s, before and after transformation which has been done during the last two decades. The iconic modernist structures of New Belgrade have always been a symbol and a testimony of all ideological shifts in Yugoslav and Serbian society. More then 60 years of its urban existence has brought numerous adjustment and changes in its economic, social and functional structure, but its rigid and overscaled urban matrix has mostly remained untouched.
However, during the 1990s the process of a specific urban reconstruction started. The contemporary transformations of mega blocks in New Belgrade had an impact on the character of communal public spaces, its environment and qualities. The site occupancy index doubled in some cases as well as land occupancy. The materialization of the open space have also been changed, usually toward less greenery and more covered pavement.
The processes which shape our environment sometimes do not respond to actual needs of users, creating a gap between ambitious visions of professionals and politicians and our everyday life patterns. Block 21 was primarily conceived as a mono-functional residential block, but its reconstruction, conducted in two phases (during the 1990s and 2000s), instigated some typological changes. New functions were added (for ex. commercial and office spaces), as well as new residential structures, which were quite different from existing ones. Open community spaces were also transposed to another type, different in size, function, pattern of communication and accessibility.
The paper is developed around the hypothesis that recent changes of the block influenced the changes of the thermal comfort at open spaces and the case study of Block 21 should provide the results in the extent to which changes have occurred.
Comparative Analysis method was used for comparing the states of the Block 21 before and after the transformation. For the present state the field data collection was used. It includes observation of materialization of pavement, types of vegetation, use of space as well as microclimatic monitoring with portable meteorological station. Also, the photographs of study area before and after transformations are compared as well as urban projects for data about occupancy index and construction index of the block.
Two options of urban design have been tested with the selected microscale climate model ENVImet, one according the original plan for Block 21 (before the transformation, during the last two decades) and second one after the transformation (present situation). ENVI-met can estimate surface temperature, along with all the other microclimate parameters, for each finite element of the computational domain. All geo-referenced data can be extrapolated using the Xtract utility.
For this research, the ENVI-met 3.1 Beta 5 model was used. It is a tool specifically developed to study urban microclimate. ENVI-met is grid-based three-dimensional model for the simulation of airflow, heat and vapor exchange, turbulence and particle dispersion in urban areas. The software preform micro-scale simulations with a typical space resolution of 0.5 to 10 and 10s time resolution. It takes into account the key modeling inputs, including site location, initial climatic parameters, soil and plant type, building structure, and thermal properties (Peng, 2013) . It can generate threeMethods dimensional distributions of radiation, temperature, heat flux, humidity and wind flow. Recently, the ENVI-met has been adapted mainly to simulate surface-plant-air interactions in urban canyons, and to predict climatic consequences of different urban design options (Bruce, 1998) .
It generates output of temperature, humidity, wind speed, solar radiation, and other relevant data such as PMV (predicted mean vote). The model is based on the three-dimension CFD model, which can calculate meteorological parameters in each point of the grid (Bruce, 1998) . Validation of the software has been done in different environments, especially for research concerning the urban morphologies (Gill et al., 2013) .
In modeling analyses the the ENVI-met is using the shading factor to calculate the value of direct sun radiation. Sun position and intensity is set up by geographical location of researched site. On the other hand, as this is the conceptual model, ENVI-met has a assumption that all buildings set in the model are the high-density cases and share similar building mass. As such, the anthropogenic heat contribution is not separately accounted for. It can be treated as the background contribution in simulations, but as a lack of the informations about the site in this specific locations have not been used. The simulation was run for the 24 th July 2013, which is representative of the day with typical summer values of temperature in Belgrade. Initial air temperature was 19.8° C, wind speed 10m above the ground was 3m/s from South East direction, relative humidity at 2m was 50%, specific humidity in 2500 m was 7g water.kg air− 1 and adjustment factor for solar input was 1. Model area input data for the ENVI-met simulation are: dimensions 100x90x30 grids, size of grid cell in meters dx=5; dy=5; dz=3 and location of a block 21 is Belgrade 44.8167° N, 20.4667° E. The simulation was run for 10.00 a.m., 12.00, 02.00 p.m., 04.00 p.m. and 06.00 p.m. The model was run for 24 hours from 6.00.am until 06.00 a.m. next day (minimum of 6 hours is required by ENVI-met).
In this research, two models have been created, which are Block 21 before and after 90's spatial layout, investigating impact of transformation of the Block 21 on the urban heat island effect. In both models, the simulations have been run at the same conditions. Air temperature and humidity at 0.8 m above ground have been extracted from the results.
The Block 21 is located in a moderate-continental climatic zone with four seasons. The average annual air temperature is 11.7°C and the hottest month is July (22.1°C). The average annual number of days with temperature higher than 30°C (tropical days) is 31 and that of summer days with temperature higher than 25°C is 95. The average annual rainfall on Belgrade and its surroundings is 669,5 mm and the rainiest months are May and June. The average annual insolation is 2.096 hours. The highest insolation of about 10 hours a day is in July and August, while December and January are the cloudiest, with insolation of 2 to 2.3 hours per day. The average number of Results snowy days is 27, snow cover lasts from 30 to 44 days, and its average thickness is 14 to 25 cm. Mean atmospheric pressure in Belgrade is 1,001 millibars and mean relative humidity is 69.5%. Dominant and the most frequent wind is Kosava from South East.
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Block 21 in New Belgrade before the transformation Fig. 2 Block 21 in New Belgrade after the transformation Fig. 3 Outputs from ENVI-met simulation for temperature -Block 21 in New Belgrade before the transformation (03.00. p.m.)
Before the transformation occupancy index of Block 21 was 54.68% (Fig. 1.) , and now it is 70.24% (Fig. 2.) . The green coverage were occupying 103,1722.54 m 2 of the inner block space before 1990 and now it is covering 67,757.15m 2 within the block. On the other side, the vegetation which were planted 40 years ago, now had four times bigger treetops and create shaded areas within the inner side of the block.
Outputs from the ENVI-met simulation for air temperature, comparing the states before and after the intervention, shows decrease due to shading and evapotranspiration of 1°C to 2°C, in the central part of communal open space and around the new built structures (especially on the south west corner of the block) and increase of temperature along the edges of the blocks (where new buildings were built) ( Fig. 3. and Fig. 4 
.).
The paving material remains the same, but there are slightly difference in covered area. Outputs from the ENVI-met simulations for mean radiant temperature shows significant reductions (between 5°C and 7°C) in shaded areas, and some increase in temperature because of the maintaining and age of paving (Fig. 3. and Fig. 4.) . The air temperatures over the parts with vegetation are much lower than those with concrete or asphalt, although some parts without vegetation still remain cool due to shading. The biggest difference could reach nearly 2.5°C. Also, the air temperature in the parts covered by trees is about 0.5-0.6 °C lower than the parts covered by the grass. The air temperature is the result of interactions between various factors, therefore is highly dependent on the ambient conditions.
With the construction of the additional buildings next to Boulevard Zoran Djindjic (on the south) and Antifasisticke borbe Street (on the west) the temperature is rising inside the block. Especially we can see difference in the corner of the Boulevard Zoran Djindjic and The percentage of the green surface within the Block 21 decreased two times after the transformation in 90`s. It is also observed that the trees are well positioned in the open spaces and during the period of 60 years treetops have provided shade for most of the space next to the buildings and for flats up to the second floor (Fig. 5 ).
In addition, the buildings which were built during the last decade create a few smaller inner yards within the block also provided more shades of open space ( Fig. 1. and Fig. 2 ). This transformation influence the slightly decrease of temperature in new formed small open spaces, but new covered ground on the south and north of the block provide increase-ment of the temperature along the edges of it (Fig. 6.) . On the other hand, lack of the maintenance of the pavement and bad choice of materials for pavement (albedo,emissivity, impermeability) also influence the slightly increase of the temperature.
Analyze of two options of urban design (before and after intervention) done with virtual simulation shows that communal open space has the potentials for improving microclimate in the Block 21. Retrofitting of the paving (albedo, emissivity, impermeability), more vegetation in the central area, Milentija Popovica Street (on the east), where temperature is 0.5 °C higher as well in the north part of the block (Boulevard Mihajla Pupina).
Discussion
artificial shadings and car-free zone can improve the microclimate comfort.
As the South East wind is dominant in Belgrade, it is understandable that buildings constructed in the south side significantly have changed the air temperature inside the block. The larger increase in temperature (over 2 degrees) is next to the Boulevard Zoran Djindjic where wind is blocked and hot air is accumulated. Change of the original geometry of the block has led to the increase of the temperature around the Primary school Jovan Ducic as well as around the Singidunum University.
Thermal comfort is complex based on many factors and purely physiological method is not adequate (Nikolopouloua, Steemers, 2003) . Besides of calculating pure meteorological data, ENVI-met also includes a simple bio meteorological model to predict the thermal comfort inside the model area. The PMV (predicted mean vote) model is probably the best known Biomet model. Based on Fanger`s (1974) model, it relates the energy balance of the human body to the personal comfort feeling of user exposed to the corresponding climates.
The PMV index predicts the mean response of a larger group of people according to the ASHRAE thermal sensation scale where +3 hot; +2 warm; +1 slightly warm, 0 neutral, -1 slightly cool, -2 cool, -3 cold.
The PMV index is expressed by P.O. Fanger as: PMV = Predicted Mean Vote Index; M = metabolic rate; L = thermal load defined is the difference between the internal heat production and the heat loss to the actual environment -for a person at comfort skin temperature and evaporative heat loss by sweating at the actual activity level. PMV = (0.303 e-0.036M + 0.028) L Analyzing thermal comfort in our research area following results have been produced: In figure 7 it is obvious that level of comfort is going beyond +3 (hot) and the average is between +2.9 and +4. The construction of the new building has resulted with increase of area with the value PMV>+3.5.
Fig. 6
Outputs from ENVI-met simulation -difference in temperature in models before and after the transformation This study has presented impact new buildings have on the urban environment -the thermal comfort. The following conclusions have been drawn from the parametric studies based on ENVI-met:
_ The studies have shown that change of neighborhood geometry has a negative impact on urban environment -increase of the urban air temperatures at grade. The maximum air temperature increase in the Block 21 after 90's model, due to existence of new structures, is 2.4°C at around 2:00pm. Difference is bigger at the pick temperature, then in the rest of the day.
_ As the wind is one of the most important factors for temperature flux, change of block's geometry against dominant wind has resulted to reduce of human comfort in outdoor space (PMV).
The new development has clearly damaged the amenity and comfort of the block. As the air temperature is reciprocal to air quality, so it is to assume that with the rise of the air temperature, the air quality is dropping down. But this is topic for another paper.
Communal open spaces in mega blocks should reinstate their significance as gathering points and points for recreation and leisure, representing a reflection of urban culture. During the retrofitting of the blocks the "cool" materials and vegetation should be considered as the tools for improving the microclimate of outdoor public space due to adopting to the substantial warming in temperature extremes brought by climate change. Bioclimatic urban retrofitting of existing open public space should be conceived as necessary action for fulfilling the role of open public space as the main place for social interactions during the hot summer conditions.
The undertaken research has confirmed that the microclimate of outdoor public space can than be largely influenced by: size and shape of open space, amount of vegetation, paving materials as well as its age and maintenance. It was shown that a smaller spaces, with a significant amount of vegetation can lead to more well balanced microclimate during the summer. Even the slightly changes in occupancy index of built area as well as the size and type of vegetation influence the microclimate.
Adaptation of the built environment to the substantial warming in temperature extremes in our cities, brought by climate change can be conceived as a set of retrofitting actions based on the principles of bioclimatic urban design. Furthermore, the microclimate offered by an urban open space has a strong impact on the thermal comfort of visiting pedestrians and consequently on the perception and the usage of the open space. However, in order to improve the communal open space in "mega blocks" in New Belgrade, it is necessary to fulfill the user's demands to apply bioclimatic urban design principles. To achieve the improvements it is necessary to integrate them into the types of interventions and guidelines into the urban plans and projects.
Conclusions

